Objects can differ in brightness and colour. At least that is what our own visual system tells us. It now seems that stomatopod shrimps, and possibly also cephalopod molluscs, can see the direction of the electric vector of light, in much the same way we see colour.
Imagine a blind person trying to fathom the description of a painting. Or imagine a colour-blind person trying to understand how red raspberries stand out like lanterns despite being neither brighter nor darker than the background of foliage. Even though our own sensory perceptions feel like the most natural thing in the world, it is impossible to communicate a sensory modality to someone who has never had it. Now, assume there is something more to a scene than brightness and colour. Assume there is some visual aspect we normally cannot see. What would the world look like if objects had a quality in addition to brightness and colour? Interestingly, there exists such a quality, but one which we cannot perceive: the direction of the electric vector (E-vector) of light, also known as the polarisation of light ( Figure 1 ). It seems that the other mammals share our inability, but some vertebrates can perceive the direction of the E-vector -these include several species of birds [1] , reptiles [2] , amphibians [3, 4] and fish [5] . But the most common and most prominent examples of polarisation sensitivity are known from invertebrates [6] , such as insects, crustaceans and cephalopod molluscs.
Visual pigment molecules are inherently polarisation sensitive, because the excitable bond of the pigment molecule must be aligned with the E-vector if light is to be absorbed. In vertebrate rods and cones, however, the visual pigment spins freely in the flat membranes of the outer segment discs, making the receptor cell equally sensitive to light of all E-vector directions. The situation is different in invertebrates with rhabdomeric photoreceptors, because here the visual pigment molecules are highly aligned in the microvillar membrane. By having straight and aligned microvilli, a rhabdomeric photoreceptor will have a very strong preference for a particular E-vector. It is not uncommon for invertebrate photoreceptors to be ten times more sensitive to light of a preferred plane of polarisation than they are to light polarised in the orthogonal direction. The basis for polarisation sensitivity is thus well understood for invertebrates with rhabdomeric photoreceptors, but there is no agreement, as yet, on the basis of polarisation sensitivity in vertebrates [7] .
Even though we cannot sense the plane of polarisation, a pair of polarising sunglasses will immediately reveal to us that some natural light is polarised. By rotating the sunglasses, which selectively block a particular E-vector (Figure 1) , it is possible to identify sources of polarised light. Direct sunlight is unpolarised, but light reflected from glossy surfaces becomes strongly polarised at an angle parallel to the surface. Light refracted through such a surface becomes polarised in the orthogonal direction. Scattering is another optical phenomenon that may produce polarised light. For these reasons, most natural scenes contain an abundance of polarised light [8] . The blue sky is polarised in a pattern that depends on the position of the All E-vectors are equally represented in unpolarised light. If such light is passed through a polariser (a), it becomes plane-polarised, meaning that it contains only a single E-vector direction. Natural light is often partially polarised by reflection, refraction and scattering. The state of polarisation can be described by two E-vectors forming the long and short axes of an ellipse. In (b,c), the E-vector distribution differs with respect to both the orientation of the dominating E-vector and the ratio between this E-vector and its orthogonal counterpart. Light in (c) is polarised to a higher degree than light in (b). In polarisation vision, these aspects, the orientation and degree of polarisation, correspond to hue and saturation in colour vision. sun [9] [10] [11] and this pattern also produces polarised surface light at shallow depths under water [12] . For most angles of view, the water surface itself is a powerful polariser seen both from above and below. Vegetation too gives rise to complicated patterns of polarisation because of glossy leaves oriented in different directions [13] . There are even animals, such as cuttlefish and squids, that possess polarised body patterning ( Figure 2 ) [14, 15] . In many respects, the world of polarisation is as complex and rich in information as is the world of colour.
It is not surprising that this wealth of information has been exploited by a wide range of animals. Bees, ants and numerous other arthropods use the polarised sky for navigation [16] , and for vertebrates this is the only known use for polarised light [1, 5] . Invertebrates, however, respond to polarisation cues in a multitude of ways. Aquatic insects, for example, guide their flight to suitable bodies of water by seeing the polarised surface reflection [17] . This is the reason for flying water beetles mistakenly plunging onto glossy car roofs and for mayflies attempting to lay their eggs on asphalt roads [18] . Polarisation cues have also been implicated for assessing the quality of leaves (A. Kelber, personal communication), haze reduction [19] , contrast enhancement [20] , intraspecific signalling [14] and breaking camouflage under water [21] . Some of these tasks are optically simple and can be performed by a single class of polarisation-sensitive receptors. Any polarisation cue that is made visible to us by viewing it through a polarising filter can also be detected by a single class of receptors.
True polarisation vision is more complex and can be defined as: the ability to discriminate two light stimuli on the basis of polarisation alone. To appreciate the implications of this definition, we must realise that light from a stimulus has three independent qualities: luminance, colour and polarisation, referring to the total strength of the stimulus, its spectral composition and its E-vector distribution. Polarisation vision thus allows the discrimination of polarised cues independent of their luminance and colour.
The definition of colour vision is similar: the ability to discriminate two light stimuli on the basis of colour alone.
There are, in fact, further similarities between colour vision and polarisation vision. In the same way as a colour can be unambiguously described by its hue and saturation, polarisation is described by the angle and degree of polarisation ( Figure 1 ). Polarisation vision is thus potentially as powerful as colour vision and, more importantly, the one does not exclude the other. Luminance vision is simpler in that it contains only brightness (or brightness contrast) as the encoded variable.
Recent behavioural experiments on octopuses indicate that they possess polarisation vision [22] , but because the animals in these experiments were trained to recognise a pattern of pure polarisation, it is possible that they simply used the brightness contrast seen by a single class of polarisation-sensitive receptors. If that is the case, an identical brightness pattern, without polarisation cues, would have been recognised by an octopus trained to the polarisation pattern. The first proof of true polarisation vision now comes from behavioural experiments on mantis shrimps (stomatopod crustaceans; Figure 2 ), as described in a paper in this issue of Current Biology [23] .
Marshall and colleagues successfully trained stomatopods to recognise objects with a particular angle of polarisation, but the animals failed the learning task when brightness alone differed between the presented objects. The existence of true polarisation vision in stomatopods is fascinating, because these animals also have the potential for the most advanced colour vision in the animal R536 Current Biology, Vol 9 No 14
Figure 2
The secret world of polarisation is revealed to the human eye by imaging polarimetry. (a) A cuttlefish (Sepia officinalis) seen in a normal colour photograph. (b) The same animal as in (a) but seen through a polarimeter. This device produces a false-colour image in which the orientation of polarised light is coded by colour (grey shades represent unpolarised light). The polarimeter image reveals a pattern of 'red' stripes on the arms and forehead of the cuttlefish, the colour implying that the stripes reflect horizontally polarised light. This pattern, while invisible to us, is presumably visible to other cuttlefish. It would also be visible to a mantis shrimp (c), whose conspicuous eyes contain a specialised mid-band of six ommatidial rows, the lower two of which are specialised for the detection of polarised light. In the mantis shrimp shown in (c), this mid-band is clearly seen dividing the elliptical and highly mobile eyes which peek out from behind a coral formation. Photographs courtesy of N. Shashar and R. Caldwell.
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Current Biology kingdom [24] . Because they display body patterns in both colour and polarisation [23] , stomatopods may need an unusually rich vision.
The insights from stomatopod vision now place the focus on the neural basis for polarisation vision. To encode polarisation independent of brightness, it is necessary to have some kind of opponency between polarisation-sensitive receptors tuned to different polarisation angles. Stomatopods have three receptor classes that are sensitive to different angles of the E-vector, but how the opponency is organised between the receptor classes is as yet unknown. The conventional way would be with one or several types of polarisation-opponent neuron receiving antagonistic input from different classes of polarisation-sensitive receptor cells [25] . A very different possibility is that a temporal polarisation opponency is created by single polarisationsensitive receptors as the eye rotates about the visual axis. Such a mechanism may seem far-fetched, but it would provide an explanation for the frequent rotating eye movements of stomatopods. Although true polarisation vision requires some form of polarisation opponency, the presence of polarisation opponency does not imply the presence of polarisation vision. The sky polarisation compass of insects involves polarisation opponency [25] but, because it does not perform a discrimination task, it would not qualify as true polarisation vision.
Given the large number of animal species with polarisationsensitive visual receptors, perhaps many cases of polarisation vision remain to be discovered. There is also a multitude of visual tasks in which polarisation sensitivity is useful even without having true polarisation vision. Had we been equipped with polarisation vision ourselves, we would have been better suited to identify the potential cases in which polarisation cues are used by animals. Instead, we must rely on artificial imaging polarimetry, a new technique which is gradually revealing the secret world of polarised light in the natural environment [8, [26] [27] [28] .
